The non-migratory black-capped chickadee (Poecile atricapillus, Linnaeus 1766) has a 14 continent-wide distribution extending across large parts of North America. To investigate the 15 phylogeographic structure, and verify possible refugia during the last glacial maximum, we 16 sequenced a 678 base pair region of the mitochondrial control region from 633 chickadees at 35 17 sites across North America, and performed paleoecological distribution modeling. Two 18 genetically distinct groups were found using multiple analyses: one in Newfoundland and a 19 widespread continental group, with additional substructure evident in western continental 20 populations. While gene flow is low throughout the range, it is especially low in peripheral 21
In North America, the biogeographical history is quite complex (Pielou 1991) . During the 46 Last Glacial Maximum (LGM), North American species were restricted to areas south of the ice 47 sheets, or one of the putative refugia to the north such as Beringia, Haida Gwaii, or 48
Newfoundland (Pielou 1991) . Further, barriers to dispersal including mountain ranges, and large 49 areas with unsuitable habitat for forest dwelling species may have restricted gene flow 50 throughout the LGM and during recolonization. For this reason, North America offers an 51 interesting region to investigate questions pertaining to barrier mediated dispersal and patterns of 52 postglacial expansion. 53
In this study we examine phylogeographic patterns of the black-capped chickadee 54 (Poecile atricapillus, Linnaeus 1766) using the highly variable mtDNA (mitochondrial DNA) 55 control region (CR). The black-capped chickadee is a non-migratory species primarily inhabiting 56 deciduous and mixed deciduous/coniferous woodlands (Foote et al. 2010 between black-capped chickadee populations, although relatively few sites were surveyed in this 64 study. Pravosudov et al. (2012) used mtDNA control region sequences and amplified fragment 65 length polymorphisms to examine the relationships between memory and hippocampal 66 morphology and population structure; in this study they noted strong population structure within 67 this species but again examined only part of the range of the black-capped chickadee. Finally, 68
Adams and Burg (2014) analyzed range-wide genetic patterns using microsatellites and found 69 high levels of contemporary population structure across the range. In this study Adams and Burg 70 (2014) determined that both ecological and geographical factors influence contemporary 71 population structure in this species. Despite these previous studies, questions still remain on 72 whether genetic patterns reflect recent processes (i.e. human mediated habitat changes) or events 73 pertaining to Pleistocene glaciations? In comparison to the nuclear markers used in these 74 previous studies, mtDNA control region sequences evolve at much slower rate, thereby 75 providing a greater resolution to explore the effects of historical processes, including Pleistocene 76 glaciations, on population structure. Further the greater sampling resolution used in this study 77 will build upon the previous study by Gill et al. (1993) 
Ecological niche modeling 108
In order to predict possible refugia during the LGM (~22 kya) and the last interglacial (LIG, 109 ~120-140 kya), we reconstructed black-capped chickadee distribution (i.e., suitable conditions) 110 through the use of ecological niche modeling (ENM) with the program MAXENT v3. were removed from the analysis because they showed strong correlations (r>0.90) with one or 121 more of the variables used in our analysis. We combined our banding locations with records 122 downloaded from the Global Biodiversity Information Facility data portal (GBIF; 123 http://data.gbif.org/, accessed on 28 March 2018). We removed all duplicate points and then 124 used the rarefaction tool available in ENM tools (Warren et al. 2010 haplotypes. In addition, we constructed a maximum likelihood tree in MEGA v5.0. Prior to 154 running our tree we used MEGA to determine the model of sequence evolution that best fit our 155 data. The program chose a Kimura 2 parameter model plus gamma and invariants (BIC = 6161), 156
In addition the maximum likelihood tree was constructed using the nearest neighbor interchange 157 heuristic model with 1000 bootstrap replicates to evaluate robustness. We used four Carolina 158 chickadee sequences as the outgroup for our maximum likelihood tree. 159
Additionally we conducted a principal coordinate analysis (PCoA) in GenAlEx v6.41 160 (Peakall and Smouse 2006) to further examine the relationship among populations. For this 161 analysis we calculated the mean Nei's genetic distance between population pairs. In our first 162 analysis we included the four Carolina chickadee populations to examine population clustering 163 between the two species. We then ran a second analysis with only black-capped chickadee 164 populations to determine if there was greater population structure among populations. 165 We calculated pairwise Φ ST values, a basic index of population differentiation, for the 33 166 black-capped chickadee populations with at least five samples (mean = 19 ±1.7 SE). We used 167 Arlequin v3.0 (Excoffier et al. 2005) to calculate Φ ST and tested for significant differences using 168 10,000 permutations. All p-values were corrected for multiple tests using the Benjamini- 
Divergence estimates 295
Divergence estimates between Newfoundland and all continental populations ranged 296 from ~10 kya (using a 12.1% substitution rate) to 331 kya (using a 3% substitution rate; Table  297 2). BEAST results from Bayesian skyline analysis for both substitution rates revealed a time to 298 most recent common ancestor of 19.1 kya (HPD 12.7-26.4 kya using the 12.1% substitution rate) 299 and 76.5 kya (HPD 51.5-107.7 kya using the 3% substitution rate). 300 LGM; the majority of migratory species were isolated in a single refugium while many resident 397 species show evidence of being isolated in multiple refugia during the LGM and genetic patterns 398 reflect post-glacial expansion from these refugia (Weir and Schluter 2004) . 
